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ROBERT B. NATHANSON*
Although more than one-third of the popula-
tion have some type of superficial mycosis (1),
a not unconsiderable number of people appear to
be naturally immune as evidenced by the pres-
ence of fungi on normal skin (2). Since such
immunity may be due to some of the constituents
of sebum and sweat, these have been studied in
detail by various investigators.
Sebum, about I to 2 grams of which are secreted
daily, consists of 50% neutral fat, 5% cholesterol,
30% free fatty acids, some unidentified com-
pounds, and hydrocarbons, including 5% squal-
ene (3). Sweat has been reported to contain
various saturated fatty acids (4). It is not possi-
ble, however, to tell which acids are found in
sweat and which are found in sebum, because it
has not been possible to obtain from the skin
pure sweat samples that are not contaminated
with sebum, or sebum unmixed with sweat (5).
There is some evidence that water-soluble fatty
acids come from sweat and fat-soluble ones from
sebum (6).
Undiluted squalene apparently has a fungi-
static effect on some types of fungi (7), but not
on others (8). The role of cholesterol as an anti-
fungal agent on the skin has not yet been clarified.
Numerous investigations have been made of
the role of the fatty acids, particularly the
saturated ones, as a protective coating against
fungus infections. Peck and Rosenfeld (9) studied
the fungistatie effects of the saturated fatty acid
series beginning with formic acid (one carbon
atom), and concluding with eapric acid (ten
carbon atoms). They found no discernible rela-
tionship between the length of th carbon chain
and the fungistatie properties of these saturated
fatty acids. For some reason Peck included the
unsaturated undecylenic fatty acid for study
along with the saturated acids. Although un-
decylenie acid proved to be an efficient fungicide,
no other unsaturated acid was studied by the
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group. It is interesting that undecylenic acid
has not been found in sebum or sweat even by
methods that would detect amounts as small as
0.005% (5).
In another study (4) Peek and his colleagues
reported that sebum had no fungistatic effect. Of
the various saturated fatty acids which they
found in sweat, they concluded that its fungistatic
property was due to its content of acetic, pro-
pionic, eaproic, caprylic, lactic, and ascorbic
acids.
Rothman and his co-workers (10) reported
that sebum has fungistatic properties which may
be due to its content of shorter chain saturated
fatty acids (pclargonic, undecylic, and tridecanoic
acids).
Both Burtenshaw (ii) and Ricketts and his
colleagues (12) observed that the self-sterilizing
property of skin may be attributed to long chain
unsaturated fatty acids. The latter authors felt
that oleic acid, in particular, gives sebum its
sterilizing effect. The presence of 18-carbon
oleie (monoethenoid series), linoleie (diethenoid
series), and linolenic (triethenoid series) un-
saturated fatty acids on the skin has been es-
tablished as early as 1925 (13). While oleie acid is
synthesized by the body, linoleie and linolenic
acids are not (14). Linolenie acid appears to be
necessary in the diet of some animals to prevent
certain types of skin abnormalities. Linoleic and
oleic acids have a depilatory effect on the backs
of mice (15). Oleie acid has been reported to
penetrate the skin a little while linoleic acid
penetrates to the capillaries (14). It has been
reported (16) that oleic, linoleic, and linolenic
acids arc found in surface cultures of Aspergillus
nidulans, a fungus causing white myeetoma.
Since oleie, linoleic, and linolenic acids might
he protective agents on the skin against some
types of fungus infection, this investigation was
undertaken to determine how the growth of a
pathogenic fungus would be affected by these
acids, and how the difference in the number of
double bonds would affect the fungistatie action,
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fatty acids. The fungus selected for this study
was Trichophyton rubrurn.
MATERIALS AND METHOnS
The specimen of Trichophyton rubrotno was ob-
tained from the infected thumb-nail of an 18 year
old girl, most of whose nails showed evidence of
onychomycosis. The fungus was isolated and
grown on Mycosel agar.* Slides were prepared
using 10% sodium hydroxide and stained with
Parker superchrome ink (17, 18), which appeared
superior to lactophenol stain. Identification of
the fungus was confirmed by Dr. L. K. Ceorg of
the U. S. Public Health Service, and Dr. L. Haley
of Yale University.
A variation of the Kligman-Rosensweig method
(19) was used to determine the degree of fungi-
static activity of the three acids. A standard
* Supplied by Baltimore Biological Laboratory,
Baltimore, Md.
suspension of the fungus was prepared by scraping
the entire surface of a fungus colony when it
reached a diameter of 30 mm. These scrapings
were mixed with 20 ml. of sterile water. Although
l'richophyton rnbrum cannot readily be suspended
in water, high speed mixing with a spiral agitator
resulted in a fairly uniform suspension of the
fungus. One ml. of the fungus suspension was
poured over 20 ml. of hardened agar.
Fmir different concentrations of each of the
three acidst were prepared with acetone: 1:10,
1:100, 1:1000, 1:5000. Sterile filter paper disks,
13 mm. in diameter, were dipped into each con-
centration, touched to the walls of the container,
and immediately placed on the seeded agar. As a
control, one disk was dipped only in pure acetone
and placed with the other four disks in each dish.
Zones of inhibition were measured after 8 days of
incubation at 24° C.
RESULTS
Table I and Figure 1 show the results.
DISCUSSION
On the basis of the data, it appears that
linoleic acid and particularly linolenic acid are
possibly effective inhibitors of fungal growth
in vitro, in concentrations of 10% or less. These
acids may also play a role as protective agents
on the skin against some other types of fungus
infections.
Although oleic acid, as previously pointed out,
has been reported to be an important factor in the
t Oleic and linoleic acids supplied by American
Medical Association. Linolenic acid supplied by
Hormel Foundation.








Fou. 1. Fungistatic activity at various concentrations of oleic, linoleic, and linolenic acids on tn-
chophyton rubrum.
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self-sterilizing property of the skin, it does not
appear from the ahove data to he very effective
against Trichophyton rubrum.
Of interest for further study is the increase in
fungistatie activity which parallels the increase
in the number of double bonds, at least for the
three unsaturated 18-carbon fatty acids reported
hem. Worth investigating for its fungistatic
effect, probably, would he arachidonic acid5 with
20 carbon atoms and four douhle honds, since its
presence has also been reported on the skin (20).
5UMMAHY
The unsaturated olcic (monoctbcnoid series),
linoleic (diethenoid series), and linolenie (tn-
ethenoid series) fatty acids have been investi-
gated in vitro for their fungistatic activity on
Trichophyton rubrum. It was found that oleic
acid had very slight fungistatic action in a 1:10
concentration; linoleic acid had slight to moderate
fungistatic action in concentrations from 1: 1000
to 1:10; linolenic acid had moderate to sub-
stantial fungistatic action in concentrations of
1:1000 to 1:10; while undiluted acetone, under
the same conditions, did not inhibit growth of
the fungus at all.
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